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1
BLENDED SHAFT DRIVE

BACKGROUND

Shaft drive tools, generally, have insufficient torque carry-
ing capability and can fail under torsion loading. Specifically,
shaft drive tools incorporate a drive feature that transitions
rapidly to a base geometry (usually a cylinder), and this rapid
transition in geometry creates a failure location at which
stress risers accumulate and cause catastrophic failure under
load. Occurrences of this type of failure are increasingly
likely as drive tools are narrowed for the delivery of increas-
ingly smaller diameter fasteners. A need therefore exists for
an 1improved shaft drive.

SUMMARY

One approach provides an improved blended shait delivery
device. The delivery device includes a solid, monolithic shaft
member. The shaft member has an engagement end. The
engagement end has a proximal end and a distal end. The
proximal end has a first cross-sectional geometry, and the
distal end has a second cross-sectional geometry. The first
cross-sectional geometry of the proximal end is different
from the second cross-sectional geometry of the distal end.
The cross-sectional geometry of the distal end transitions to
the cross-sectional geometry of the proximal end along a
longitudinal axis of the engagement end of the solid, mono-
lithic shaft member. The transition provides a gradual, blend-
ing, continuously transitioning cross-sectional geometry
along the entire length of the longitudinal axis of the engage-
ment end of the solid, monolithic shaft member.

In some examples, the cross-sectional geometry of the
distal end 1s 1n a shape of at least one of a triangle, a square, a
rectangle, a hex, a circle, an ellipse, a cross, and a torx. In
some examples, the cross-sectional geometry of the proximal
end 1s 1n a shape of at least one of a triangle, a square, a
rectangle, a hex, a circle, an ellipse, a cross, and a torx. In
other examples, cross-sectional geometry of the distal end of
the delivery device 1s 1n a shape of a polygon.

In some examples, the solid, monolithic shatt member has
no abrupt transitions 1n cross-sectional geometries along the
longitudinal axis, and the cross-sectional geometry of at least
one of the proximal end or the distal end has a shape adapted
to mate with a fastener cavity of substantially the same shape.
In some examples, the fastener cavity provides a blending,
continuously transitioning cross-sectional geometry along
the longitudinal axis of the cavity adapted for recerving the
blending, continuously transitioning cross-sectional geom-
etry of the engagement end of the solid, monolithic shaft. In
other examples, the fastener cavity includes at least two dii-
ferent cross-sectional geometries.

In some examples, the engagement end of the delivery
device has a yield strength ranging between 175,000 psi1 and
250,000 ps1, and 1n other examples, the engagement end of the
delivery device has a yield strength 1s 220,022 psi.

Another approach 1s a fastening system. The fastening
system 1ncludes a solid, monolithic shaft member having an
engagement end. The engagement end has a proximal end and
a distal end. The proximal end has a first cross-sectional
geometry, and the distal end has a second cross-sectional
geometry. The first cross-sectional geometry of the proximal
end 1s different from the second cross-sectional geometry of
the distal end. The cross-sectional geometry of the distal end
transitions to the cross-sectional geometry of the proximal
end along a longitudinal axis of the solid, monolithic shatt
member. The transition provides a gradual, blending, con-
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tinuously transitioning cross-sectional geometry along the
entire length ofthe longitudinal axis of the engagement end of
the solid, monolithic shait member. The fastener system
includes a fastener defining a longitudinal cavity of substan-
tially the same shape as the cross-sectional geometry of at
least one of the proximal end or the distal end of the engage-
ment end of the solid, monolithic shatt.

In some examples, the cross-sectional geometry of the
distal end 1s 1n a shape of at least one of a triangle, a square, a
rectangle, a hex, a circle, an ellipse, a cross, and a torx. In
some examples, the cross-sectional geometry of the proximal
end 1s 1 a shape of at least one of a triangle, a square, a
rectangle, a hex, a circle, an ellipse, a cross, and a torx. In
other examples, the engagement end of the solid, monolithic
shaft member includes no abrupt transitions in cross-sec-
tional geometries along the longitudinal axis.

In some examples, the longitudinal cavity of the fastener
provides a blending, continuously transitioning cross-sec-
tional geometry along the longitudinal axis adapted for
receiving the blending, continuously transitioning cross-sec-
tional geometry of the engagement end of the solid, mono-
lithic shaft. In some examples, the longitudinal cavity
includes at least two different cross-sectional geometries
along the longitudinal axis.

Another approach 1s a fastener for securing a suture. The
fastener includes a body member having an exterior surface
and defining an interior cavity. The exterior surface includes
a fixation element; and the iterior cavity includes a longitu-
dinal cavity having a blending, continuously transitioning
cross-sectional geometry along the longitudinal axis of the
body member. In some examples, the longitudinal cavity
includes at least two different cross-sectional geometries. In
some examples, the longitudinal cavity 1s adapted for recerv-
ing an engagement end of a drive shaft having a cross-sec-
tional geometry of substantially the same shape as the longi-
tudinal cavity. In some examples, the exterior surface of the
tastener further includes a retention element.

The blended shait drive and fastening system described
herein provides one or more of the following advantages. For
example, one advantage of the blended shaft drive and fas-
tening system 1s that the blended shaft drive allows for the
application of increased torsional strength during fastener
delivery, thereby enabling the blended shaft drive to secure a
fastener without breaking and thereby reducing costs and
health risks related to removing and replacing broken shaft
and fastener assemblies from a patient undergoing arthro-
scopic surgery. Another advantage of the technology 1s that
the blended shaft drive allows for reduced fastener size (1.e.,
reduced overall fastener implant size), thereby decreasing the
manufacturing cost for the technology by reducing materials,
improving fastener deployment in low clearance areas, and/or
minimizing physical trauma to a recipient of the fastener.
Another advantage of the technology 1s that the blended shaft
drive allows for greater fixation strength of the mating fas-
tener (e.g., less implant volume dedicated to applying torque
allows for greater implant volume dedicated to fixation
strength), thereby improving likelihood of fastener retention
while reducing the overall cost and physical trauma to a
recipient.

Other aspects and advantages of the current technology

will become apparent from the following detailed descrip-
tion, taken 1 conjunction with the accompanying drawings,
illustrating the principles of the technology by way of
example only.
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BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing features of various examples of the technol-
ogy will be more readily understood by reference to the
tollowing detailed descriptions 1n the accompanying draw-
ings, in which:

FIG. 1A 1s a schematic 1llustration of a perspective view of
a fastening system, according to an illustrative example;

FI1G. 1B 1s an enlarged bottom perspective view of a portion
of the fastening system, according to the illustrative example
of FIG. 1A;

FIG. 1C 1s a schematic illustration of a top perspective
exploded view of a portion of the fastening system, according
to the illustrative example of FIG. 1A;

FIG. 1D 1s a schematic illustration of a bottom perspective
exploded view of a portion of the fastening system, according
to the 1llustrative example of FIG. 1A;

FIG. 1E 1s a schematic illustration of a top view of an
assembled portion of the fastening system, according to the
illustrative example of FIG. 1A;

FI1G. 2 1s a schematic 1llustration of a perspective view of a
blended shatt drive, according to an 1llustrative example;

FIG. 3A 15 a schematic 1llustration of a cross sectional side
view of a blended shait drive mated with a fastener, according
to an illustrative example;

FIG. 3B 1s a schematic illustration of a perspective end
view ol the example of FIG. 3A cross sectioned along line
B-B;

FIG. 3C 1s a schematic illustration of a perspective end
view ol the example of FIG. 3A cross sectioned along line
C-C;

FIG. 3D 1s a schematic illustration of a perspective end
view ol the example of FIG. 3A cross sectioned along line
D-D:;

FI1G. 4 1s a schematic 1llustration of a perspective view of a
delivery device exhibiting stress concentrations under load,
according to an 1llustrative example;

FIG. 5 1s a schematic illustration of a perspective view of a
prior art delivery device exhibiting stress concentrations
under load; and

FIG. 6 1s a schematic illustration of a cross sectional side
view ol a fastener, according to an 1llustrative example.

DETAILED DESCRIPTION

The blended shait drive includes components that enable
the reliable aflixation of compact fasteners requiring secure
placement in low clearance and/or limited access areas. For
example, one use of the blended shaft drive 1s for securing a
device (anchor/fastener/suture) that connects tendon to bone
without causing a patient unnecessary physical trauma oth-
erwise caused by mmvasive arthroscopic procedures. Because
tendons absorb and impart strong forces, the device must affix
such tendons securely to bone to enable successiul healing. In
this example, secure ailixation 1s achieved by a system of an
anchor and fastener, a suture, and the blended shaft drive that
deploys the fastener within an anchor for securing the suture
attached to a tendon. Compared to legacy drive tools, the
blended shaift drive 1s relatively narrow for deploying a com-
pact fastener that requires minimal clearance and a relatively
small area footprint in the bone. Because the blended shait
geometry has no abrupt transitions, the relatively narrow
blended shatt drive withstands high torque forces (at least 3
in-1b1) without breaking/failure.

FIGS. 1A through 1E depict an example of a fastening
system 1000 including a high strength delivery device 1010
and a two part footprint anchor 1050. FIG. 1A 1llustrates the
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assembled components of the fastening system 1000. F1G. 1B
shows a exploded enlarged portion of the fastening system
1000 of FIG. 1A. FIGS. 1C and 1D show exploded perspec-
tive views of the exploded portion of FIG. 1B. FIG. 1E shows
an example of an enlarged schematic top view of assembled
components of the fastening system 1000.

The delivery device 1010 includes an insertion handle
1015 and a two-part insertion shaft 1020 having a hollow
outer shait 1030 surrounding an 1nner, solid, monolithic shaft
member 1025. The solid, monolithic shaft member 1025 1s
adapted for applying torque to an engaged fastener 1055. In
some examples, the fastener 1055 requires placement within
a rece1ving cavity of an outer body 1060 for securing a suture
1045 therebetween. The outer shaft 1030 engages with the
outer body 1060. For example, the delivery device 1000 could
be one for engaging, delivering, and securing a suture fixation
fastening system for use in arthroscopic procedures mnvolving
securing tissue to bone. As some examples, the delivery
device 1010 could be one for engaging, delivering and secur-
ing a fastener in any low-clearance assembly, such as those
forming components of aircrait, automobiles, and bicycles,
all of which require high torque fasteners 1n densely popu-
lated areas.

With regard to the example of a suture fixation fastening
system 1000, such a system requires application of high
torque on the fastener 1055 to secure a suture 1045 against the
outer body 1060, which 1s securely driven 1nto a bore formed
in a bone 1070. The two-part footprint anchor 1050 thereby
enables attachment of tissue (e.g., a tendon) to bone. Turning
a torque limiter knob 1035 at the top of the inserter handle
1015 transfers torque to the solid monolithic shait member
1025. The application of torque limiter knob 1035 enables the
solid, monolithic shaft member 1025 to secure a fastener
1055 within the outer body 1060 without over tensioning the
tastener 1055. The delivery device 1010 therefore secures
strong tendon tissue to bone without the solid monolithic
shaft member 1023 breaking/failing under the application of
torsion force. This advantageously reduces costs and time
otherwise associated with removing and replacing an assem-
bly of the broken solid, monolithic shaft member 1025, the
fastener 1055 and the suture 1045 from patients during sur-
gery. Withstanding high torque forces enables the delivery
device 1000 to deliver the fastener 1035 reliably, therefore
decreasing the risks associated with prolonged surgery. The
solid, monolithic shaft member 1025 also allows for reduced
fastener size (1.e., reduced overall fastener implant size),
thereby decreasing the manufacturing cost for the technology
by reducing materials, improving fastener deployment in low
clearance areas, and/or mimimizing physical trauma to a
recipient ol the two part footprint anchor 1050. The solid,
monolithic shaft member 1025 allows for greater fixation
strength of the mating fastener 10535 (e.g., less implant vol-
ume dedicated to applying torque allows for greater implant
volume dedicated to fixation strength), thereby improving the
likelihood of fastener 1055 retention while reducing the over-
all cost of manufacture of the fastening system 1000.

FIG. 2 depicts a portion of an exemplary delivery device
(e.g., delivery device 1010 of FIG. 1A), which includes a
solid, monolithic shaft member 2025 having an engagement
end 2102 for driving a fastener (e.g. fastener 3255 of FIG.
3A). In some examples, the solid, monolithic shaft member
2025 1s manufactured from a single, solid piece of stock (e.g.,
surgical steel, composite, etc.). The solid, monolithic shaft
member 20235 can be, for example, a unitary, single-compo-
nent body having no cavity therein. The engagement end
2102 of the solid, monolithic shaft member 2025 has a proxi-
mal end 2105 and a distal end 2110 for engaging with the




US 9,084,595 B2

S

fastener 3255. The proximal end 2105 has a first cross-sec-
tional geometry 2107 and the distal end 2110 end has a second
cross-sectional geometry 2112. The first cross-sectional
geometry 2107 of the proximal end 2105 1s different from the
second cross-sectional geometry 2112 of the distal end 2110.
As 1llustrated in FIG. 2, the first cross-section geometry 2107
of the proximal end 21035 1s a circle and the second cross-
section geometry 2112 of the distal end 2110 1s atriangle with
flattened corners 2114. The tlattened corners 2114 can pre-
vent any concentrated, localized applications of force that
would create potential modes of failure. Sharp corners on an
engagement end can lead to potential cracking and/or fatigu-
ing of a mated fastener during application of torque, thereby
causing health risks and trauma associated with prolonging
surgery to remove and replace a fastener and any deployed
suture which has already been attached to the tissue requiring
aflixation to bone.

The second cross-sectional geometry 2112 of the distal end
2110 transitions to the first cross-sectional geometry 2107 of
the proximal end 2105 along a longitudinal axis 2115 of the
engagement end 2102 of the solid, monolithic shaft member
2025. The transition provides a gradual, blending, continu-
ously transitioning cross-sectional geometry along the entire
length of the longitudinal axis 2115 of the engagement end
2102 of the solid, monolithic shaft member 2025. The first
cross-sectional geometry 2107 of the proximal end 21035
therefore transitions into the second cross-sectional geometry
2112 ofthe distal end 2110 without any abrupt transitions that
would trigger the accumulation of stress risers (1.e., areas of
concentrated stress) that could lead to catastrophic yield or
breakage. A rapid transition in geometry (1.€., a geometric
discontinuity ) weakens an object because force 1s not evenly
distributed over the object. Instead, localized increases 1n
stress occur when an abrupt transition in geometry occurs. By
smoothly and progressively transitioning from one cross-
sectional geometry to another along the longitudinal axis
2115 of the engagement end 2102, the solid, monolithic shaft
2025 eliminates rapid transitions, such as tapers and under-
cuts, and therefore eliminates rapid physical changes that
induce stress risers. The smooth and progressive transition
advantageously enables the application of high torque with-
out the risk of breaking apart the solid, monolithic shaft 2025
and requiring costly and risky extraction and replacement of
the fastener 3255 and suture (not shown).

In some examples, the cross-sectional geometry of the
distal end 2110 1s 1n a shape of at least one of a triangle, a
square, a rectangle, a hex, a circle, an ellipse, a cross, and a
torx, for example. In some examples, the cross-sectional
geometry of the proximal end 2105 1s 1n a shape of atleast one
of a triangle, a square, a rectangle, a hex, a circle, an ellipse,
a cross, and a torx, for example. In other examples, the cross-
sectional geometry of the distal end 2105 1s 1n a shape of a
polygon, the sides thereof providing suificient contact with a
fastener (e.g. 3255 of FIG. 3A) such that an application of
torque on the solid, monolithic shaft 2025 drives the engaged
fastener 3235. In vet some examples, a torque application end
2120 includes at least a third cross sectional geometry (not
shown). In examples, any number of cross-sectional geom-
etries 1s contemplated such that the transitions between
geometries are progressive and no abrupt transitions 1 geoms-
etry exist. Although the distal end 2110 and the proximal end
2105 are described as being one of a listed shape, the distal
end 2110 and/or the proximal end 21035 can be any shape
and/or any combination of shapes (e.g., square to diamond,
torx to circle, rectangle to octagon, etc.)

In some examples, the cross-sectional geometry of at least
one of the proximal end 21035 or the distal end 2110 has a
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shape adapted to mate with a fastener cavity (e.g. 3215 of
FIG. 3A) of substantially the same shape. In some examples,
the fastener cavity provides a blending, continuously transi-

tioning cross-sectional geometry along the longitudinal axis
(e.g. 3217 of FIGS. 3B, 3C and 3D) of the cavity adapted for

receiving the blending, continuously transitioning cross-sec-
tional geometry of the engagement end 2102 of the solid,
monolithic shaft 2025. In other examples, the fastener cavity
includes at least two different cross-sectional geometries
(e.g., square and diamond, torx and circle, rectangle and
octagon, etc.).

The engagement end 2102 of the solid, monolithic shaft
2025 of FIG. 2 1nserts 1nto a fastener cavity (e.g. 3215 of FIG.
3A). As shown 1n the exemplary fastener 32355 and engage-
ment end 2102 assemblies of FIGS. 3A through 3D, the

fastener 3255 1s sized and shaped to accommodate the blend-
ing, continuously transitioning cross-sectional geometry of
the engagement end 2102 so that fastener 32355 and engage-
ment end 2102 are mated 1n a press fit or substantially press fit
configuration. The engagement end 2102 outside dimension
2125 1s substantially equal to or less than the diameter of the
fastener cavity 32135. In some examples, the cavity 3215 1s
s1zed to accommodate the blending, continuously transition-
ing cross-sectional geometry of the engagement end 2102 1n
a press {it, or substantially press {it, configuration such that the
engagement end 2102 can deliver fastener 3255 while still
enabling removal of the solid, monolithic shait 2025 from the
cavity 3213 following secured placement of the fastener
3255. This enables the successiul application of high torque
(e.g., 3 1n-1bt, 4 1in-1b1, etc.) required to properly secure com-
ponents, e.g. a sutured tendon to bone, while preventing the
development of stress risers along the blending, continuously
transitioning cross-sectional geometry of the engagement end
2102. By preventing stress risers, the solid, monolithic shaft
2025 reliably deploys a fastener 32355 without breaking off 1n
the fastener. Preventing such breakage eliminates the health
risks and costs associated with removal and replacement of
the faster and suture.

FIGS. 3B, 3C, and 3D are cross sectional views of the
exemplary fastener-shait assembly 3000 of FIG. 3A cross
sectioned along lines B-B, C-C, and D-D respectively. As
illustrated 1n FIG. 3B, the fastener cavity 3215 has a substan-
tially circular cross sectional shape 32134 at a proximal end
3205 of the fastener 3255 (1.¢., point (B-B) along the longi-
tudinal axis 3217). As illustrated in FIG. 3C, the fastener
cavity 3215 has a hybnd circle-triangle cross sectional shape
32155H at a midway point (C-C) along the longitudinal axis
3217, and as 1illustrated in FIG. 3D, the fastener cavity 3215
has a triangular cross sectional shape 3215c¢ at a distal end
3210 of the fastener 3255 (i.e., a point (D-D) along the lon-
gitudinal axis 3217).

As depicted 1n FIG. 4, 1n some examples, the engagement
end 4102 of a solid, monolithic shaft 4025 has a vield strength
ranging between 175,000 ps1 and 250,000 ps1, and 1n other
examples, the engagement end 4102 has a yield strength of
220,022 ps1. This range of vyield strengths 1s three times
greater than a legacy drive tool 5025 depicted in FIG. 5 that
incorporates an engagement end 5102 of continuous cross
sectional geometry that transitions rapidly at a taper or under-
cut 5105, for example, 1nto a larger geometry. Such a legacy
drive tool 5025 typically fails under a torque load of 3 1n-1bf,
the torque required to secure a suture within an arthroscopic
fastening anchor system comprising a fastener (not shown)
mated to an anchor (not shown) with a suture secured ther-
ebetween. As FIG. 5 indicates, a stress riser occurs at the
transition point 5110 between the engagement end 5102 and
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the larger diameter portion 5112 of the drive tool 5025, and
adjacent the rapid transition in geometry occurring at the
taper 3105.

By eliminating rapid transitions in geometry, the solid,
monolithic shaft 4025 addresses the 1ssue of catastrophic
tailure that would lead to the engagement end 4102 snapping
off of the solid, monolithic shait 4025 during deployment of
a Tastener (not shown). As the example of FIG. 4 indicates, the
solid monolithic shaft 4025 withstands 3 1n-lbf of torque
without exhibiting concentrated stress risers that would lead
to catastrophic failure. The solid, monolithic shaft 4025 there-
fore enables the delivery and fastening of extremely small
fasteners without the solid, monolithic shait 40235 breaking
under torque load required, for example, for proper suture
fixation during arthroscopic surgery.

In some examples, such as the example of related FIGS. 2
and 3B, the outside dimension 2125 of the distal end 2110 of
engagement end 2102 1s no more than 1.2 mm and the outside
diameter 3230 of the fastener 3255 1s no more than 2 mm. In
this example, the engagement end 2102 and fastener are no
more than 10 mm long each as measured along longitudinal
axes 2115 and 3217. In this example, the delivery device
comprising the engagement end 2102 and torque application
end 120 1s 16 inches long. Eliminating abrupt transitions in
geometry therefore enables a solid, monolithic shaft 2025 to
deliver a micro-scale fastener 3255 in a low clearance area
and apply suificient torque (e.g., 3 m-lbl) to secure sutures
1045 without catastrophic breakage of the delivery device
(e.g., 1010 of FIG. 1A). The progressive transition in Cross-
sectional geometry allows for increased torsional strength of
the delivery device and decreased fastener diameter.

Another example 15 a fasteming system 1000 including a
solid, monolithic shaft member 1025 and a fastener 1055. In
some examples, the solid, monolithic shait member 1025 has
an engagement end 2102, and the engagement end 2102 has a
proximal end 2105 and a distal end 2110. The proximal end
2105 has a first cross-sectional geometry 2107 and the distal
end 2110 has a second cross-sectional geometry 2112, and the
first cross-sectional geometry 2107 of the proximal end 21035
1s different from the second cross-sectional geometry 2112 of
the distal end 2110. The second cross-sectional geometry
2112 of the distal end 2110 transitions to the cross-sectional
geometry 2107 of the proximal end 21035 along a longitudinal
axis of the solid, monolithic shait member 2025 providing a
gradual, blending, continuously transitioning cross-sectional
geometry along the entire length of the longitudinal axis 21135
of the engagement end 2102 of the solid, monolithic shaft
member 2025. In examples, the fastener system includes a
tastener 3255 defining a longitudinal cavity 3215 of substan-
tially the same shape as the cross-sectional geometry of at
least one of the proximal end 2105 or the distal end 2110 of
the engagement end 2102 of the solid, monolithic shait mem-
ber 1025.

In some examples, the second cross-sectional geometry
2112 of the distal end 2110 1s 1n a shape of at least one of a
triangle, a square, a rectangle, a hex, a circle, an ellipse, a
cross, and a torx. In some examples, the cross-sectional
geometry of the proximal end 2105 1s 1n a shape of atleast one
of a triangle, a square, a rectangle, a hex, a circle, an ellipse,
a cross, and a torx. In other examples, the engagement end
2102 of the solid, monolithic shatt member 2025 includes no
abrupt transitions in cross-sectional geometries along the lon-
gitudinal axis 2113.

As depicted in the illustrative examples of FIGS. 3A
through 3D, the longitudinal cavity 3215 of the fastener 32355
provides a blending, continuously transitioning cross-sec-
tional geometry along the longitudinal axis 3217 adapted for
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receiving the blending, continuously transitioning cross-sec-
tional geometry of the engagement end 2102 of the solid,
monolithic shait 2025. In examples, the longitudinal cavity
3215 includes at least two different cross-sectional geom-
etries along the longitudinal axis 3217. In some examples, the
cavity 3213 i1s sized to accommodate the blending, continu-
ously transitioning cross-sectional geometry of the engage-
ment end 2102 of FIG. 2 1n a press fit or substantially press fit
configuration such that the engagement end 2102 can deliver

fastener 3255 while still enabling removal of the solid, mono-
lithic shatt 2025 from the cavity 3213 following securing the
fastener 3255.

Ilustrated 1 FIG. 6 1s an exemplary fastener 6055 for
securing a suture including a body member 6202 having an
exterior surface 6220 and defining an interior cavity 6215.
The exterior surface 6220 includes a fixation element 6222. In
one example, the fixation element 6222 includes threads or
barbs and threads; however 1t 1s possible that the fixation
clement 6222 may include only barbs. The interior cavity
6215 of the exemplary fastener 6055 1ncludes a longitudinal
cavity having a blending, continuously transitioning cross-
sectional geometry along the longitudinal axis 6217 of the
body member 6202. In some examples, the longitudinal cav-
ity 6213 includes at least two different cross-sectional geom-
etries, as depicted 1n the illustrative examples of FIGS. 3A
through 3D. In the illustrated example, the cross sectional
geometry of the longitudinal cavity 3213 progressively tran-
sitions from a circle-shaped cavity 32154 to a triangle shaped
cavity 3215¢. In some examples, such as that of FIGS. 2
through 3D, the longitudinal cavity 3215 1s adapted for
receiving an engagement end 2102 of a solid, monolithic
shaft 2025 having a cross-sectional geometry of substantially
the same shape as the longitudinal cavity 32135.

In some examples, such as that of FIG. 6, the exterior
surface 6220 of the fastener 6055 further includes at least one
retention element (not shown). The retention element may be
threads or barbs or a combination of threads and barbs, for
example. For the purposes of this technology, the retention
element includes threads or barbs and threads; however 1t 1s
possible that the retention element may include only barbs.
For example, two thirds of the exterior surface (e.g., as mea-
sured along the longitudinal axis) can be covered 1n a fixation
clement 6222 of engagement threads and the remaining third
can comprise a retention element of one or more retention
barbs. In any example, the lack of abrupt geometric transition
along the solid, monolithic shaft (e.g. 2025 of FIG. 2) of the
delivery device (e.g. 1010 of FIG. 1A) enables reduction 1n
s1ze ol the deployed fastener 6035. Specifically, the gradual
transition along the solid, monolithic shaft allows for a reduc-
tion 1n outside diameter 6230 of the fastener 6055. This
thereby allows for greater fixation strength because less vol-
ume of the fastener 6055 1s dedicated to applying torque and
a greater volume 1s dedicated to fixation strength (e.g., deeper
threads).

Comprise, include, and/or plural forms of each are open
ended and include the listed parts and can include additional
parts that are not listed. And/or 1s open ended and 1ncludes
one or more of the listed parts and combinations of the listed
parts.

One skilled 1n the art will realize the technology may be
embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing
examples are therefore to be considered 1n all respects 1llus-
trative rather than limiting of the technology described
herein. Scope of the technology 1s thus indicated by the
appended claims, rather than by the foregoing description,
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and all changes that come within the meaning and range of
equivalency of the claims are therefore intended to be
embraced therein.

I claim:

1. A delivery device, comprising:

a solid, monolithic shaft member having an engagement
portion at an end of the monolithic shaft member, the
engagement portion having a longitudinal axis extend-
ing from a proximal terminus to a distal terminus,
wherein:

a) the proximal terminus has a first cross-sectional
geometry and the distal terminus has a second cross-
sectional geometry, the first cross-sectional geometry
of the proximal terminus being different from the
second cross-sectional geometry of the distal termi-
nus; and

b) a periphery of the engagement member continuously
changing from a second cross-sectional geometry of
the distal terminus to the first cross-sectional geom-
etry of the proximal terminus along the longitudinal
axis of the engagement portion, in which substantially
every portion of the peripheral cross-sectional geom-
etry of the engagement member 1s continuously
changing along an entire length of the longitudinal
axis of the engagement member.

2. The delivery device of claim 1, wherein the cross-sec-
tional geometry of the distal terminus 1s 1n a shape of at least
one of a triangle, a square, a rectangle, a hex, a circle, an
cllipse, a cross, and a torx.

3. The delivery device of claim 1, wherein the cross-sec-
tional geometry of the proximal terminus 1s in a shape of at
least one of a triangle, a square, a rectangle, a hex, a circle, an
cllipse, a cross, and a torx.

4. The delivery device of claim 1, wherein the cross-sec-
tional geometry of the distal terminus 1s 1n a shape of a
polygon.

5. The delivery device of claim 1, wherein the solid, mono-
lithic shaft member comprises continuous transitions 1in
cross-sectional geometries along the longitudinal axis.

6. The delivery device of claim 1, wherein the cross-sec-
tional geometry of at least one of the proximal terminus and
the distal terminus has a shape adapted to mate with a fastener
cavity based on the same shape.

7. The delivery device of claim 6, wherein the fastener
cavity provides a blending, continuously transitioning cross-
sectional geometry along a longitudinal axis of the cavity
adapted for recerving the blending, continuously transition-
ing cross-sectional geometry of the engagement portion of
the solid, monolithic shatt.

8. The delivery device of claim 6, wherein the fastener
cavity provides a blending, continuously transitioning cross-
sectional geometry blending from a first of at least two dif-
ferent cross-sectional geometries to a second of at least two
different cross-sectional geometries.

9. The delivery device of claim 1, wherein the engagement
portion has a yield strength ranging between 175,000 ps1 and
250,000 psi.

10. The delivery device of claim 9, wherein the engage-
ment portion yield strength 1s 220,022 psi.

11. The delivery device of claim 1, wherein the solid,
monolithic shait member 1s adapted to mate with a fastener
based on the same shape having matching gradual, blended,
continuously transitioning cross-sectional geometry along
the entire length of the longitudinal axis of the fastener such
that the solid, monolithic shait member withstands torque
without exhibiting concentrated stress drivers.
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12. A fastening system, comprising:

a solid, monolithic shaft member having an engagement
portion at an end of the monolithic shaft member, the
engagement portion having longitudinal axis extending
from a proximal terminus to a distal terminus, wherein:

the proximal terminus has a first cross-sectional geometry
and the distal terminus has a second cross-sectional
geometry, the first cross-sectional geometry of the
proximal terminus being different from the second
cross-sectional geometry of the distal terminus, and

a periphery of the engagement portion continuously
changes from the first cross-sectional geometry of the
distal terminus to the second cross-sectional geometry
of the proximal terminus along a longitudinal axis of the
engagement portion along the entire length of the lon-
gitudinal axis of the engagement portion, the entire
length being from the distal terminus to the proximal
terminus; and

a Tastener defining a longitudinal cavity of substantially the
same shape as the cross-sectional geometry of at least
one of the proximal terminus and the distal terminus of
the engagement portion of the solid, monolithic shaft;

wherein the engagement portion maintains a nominal
clearance with respect to the longitudinal cavity when
tully engaged therein.

13. The fastening system of claim 12, wherein the cross-
sectional geometry of the distal terminus 1s 1n a shape of at
least one of a triangle, a square, a rectangle, a hex, a circle, an
cllipse, a cross, and a torx.

14. The fastening system of claim 12, wherein the cross-
sectional geometry of the proximal terminus 1s in a shape of at
least one of a triangle, a square, a rectangle, a hex, a circle, an
cllipse, a cross, and a torx.

15. The fastening system of claim 12, wherein the engage-
ment portion of the solid, monolithic shait member comprises
continuous transitions in cross-sectional geometries along
the longitudinal axis.

16. The fastening system of claim 12, wherein the longi-
tudinal cavity provides a blending, continuously transitioning
cross-sectional geometry along the longitudinal axis adapted
for receiving the blending, continuously transitioning cross-
sectional geometry of the engagement portion of the solid,
monolithic shatt.

17. The fastening system of claim 16, wherein the longi-
tudinal cavity provides the blending, continuously transition-
ing cross-sectional geometry blending from a first of at least
two different cross-sectional geometries to a second of the at
least two different cross-sectional geometries along the lon-
gitudinal axis.

18. A fastener for securing a suture, comprising:

a body member comprising an exterior surface and defin-
ing an interior cavity, the body member having longitu-
dinal axis extending from a proximal terminus to a distal
terminus, wherein:

the exterior surface includes a fixation element; and

interior cavity includes a longitudinal cavity having an
exterior surface continuously changing from a first
cross-sectional geometry of the distal terminus to a sec-
ond cross-sectional geometry of the proximal terminus,
in which substantially every portion of the peripheral
cross-sectional geometry of the interior cavity 1s con-
tinuously changing along the exterior surface of an
entire length of the longitudinal axis of the body mem-
ber, the entire length being from the distal terminus to
the proximal terminus.

19. The fastener of claim 18, wherein the longitudinal

cavity comprises at least two different cross-sectional geom-
etries.
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20. The fastener of claim 18, wherein the longitudinal
cavity 1s adapted for receiving an engagement portion of a
drive shaft having a cross-sectional geometry of substantially
the same shape as the longitudinal cavity such that the drive
shaft member withstands torque without exhibiting concen-
trated stress drivers, the engagement portion of the drive shaft
having a proximal terminus and a distal terminus, wherein:

the proximal terminus has a first cross-sectional geometry

and the distal terminus has a second cross-sectional
geometry, the first cross-sectional geometry of the
proximal terminus being different from the second
cross-sectional geometry of the distal terminus, and

periphery of the engagement member continuously
changes from a second cross-sectional geometry of the

10

distal terminus to the first cross-sectional geometry of 15

the proximal terminus along the longitudinal axis of the
engagement portion, 1n which substantially every por-
tion of the peripheral cross-sectional geometry of the
engagement portion continuously changing along an
entire length of the longitudinal axis of the engagement
portion.

21. The fastener of claim 18, wherein the exterior surface
turther comprises a retention element.
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